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Helen Kelly  
 
I imagine even Russell and Burch, who helped make replacement 
of animals a long-term goal for biomedical research, would be 
surprised to see WR-4 creating carefully-orchestrated stressful 
situations among laboratory rats. WR-4 is the controversial 
fourth-generation robot rat that Professor Hiroyuki Ishii at Japan’s 
Waseda University developed to help clarify the mechanism of 
mental disorders in humans. 

 

WR-4 Reprinted with permission of Professor Hiroyuki Ishii, Waseda University 

WR-4 is a zoobot, a robot that aims to replicate an animal’s bio-
behavioural characteristics. Some of the many zoobots are robotic 
dogs, fish, jungle cats and a snake that twists and slithers into 
crevices and which the European Space Agency reports might go 
to Mars. There are zoobot jellyfish and other squishy-material 
robots that mimic tissue of a living body.  

There are pets like Paro, a socially 
interactive medical robot that resembles 
a baby harp seal. Paro was designed in 
Japan to comfort people struggling with 
illness or debilitating conditions. 

reprinted with permission 

Among humanoid robots some rescue people in dire 
circumstances, help paralysed people move, remember faces and 
preferences associated with them and touch with the gentleness 

http://www.alnmag.com/


of a sensitive individual. Some are capable of subtle distinctions 
and respond to instructions precisely.  

 Some respond with human expression 
so sweet it can break your heart; 
prominent among them is Nao, a robot 
who has gone to school with autistic 
children.  
reprinted with permission  
Aldebaren Robotics, Paris 

  
THE POTENTIAL FOR ROBOTICS IN THE BIOMEDICAL RESEARCH 
LABORATORY  
With engineering labs around the globe developing and fine-
tuning robotic and zoobotic capability apace, you might wonder, 
as I did, how to get a handle on which initiatives are or might be 
beneficial to biomedical research and to the goals of Refinement, 
Reduction and Replacement. Will humanoid robots with a gentle 
touch hold animals during cage changes or carry animals into 
biosafety cabinets while mini-robots carry out surgery? Could 
robots learn animal faces, recognise distress and send alerts? 

After a long look at the literature, I selected four initiatives among 
many that may spark ideas about use in the biomedical laboratory 
and also about potentially reducing discomfort or pain among 
animals in research; reducing the number of animals required; 
and, ultimately replacing animals in biomedical research. 
Naturally, this is a sampling and not meant as any form of 
recommendation.  

 

 

 

 

 

 

 

 
 



MACHINE LEARNING  
AND OPTIMISATION  
THE ROBOT SCIENTISTS  

Provisioned with a rich database of 
biological knowledge and advised of a 
problem to solve, Ross King’s robots can 
systematically create hypotheses, test and 
assess them and form conclusions. 

       Ross D King 
To date Dr King’s robot investigators have discovered the function 
of genes in yeast, these in some cases trumped the efforts of 
human scientists working on the same problem. 

Dr King has named his scientist 
robots Adam and Eve, suggesting 
to the mind’s eye that they will 
resemble the humanoid robots 
we’ve come to expect.  Actually 
physical personification stops 
with the monikers, but the  
 

automatons’ analytic capabilities virtually clone the human drive 
to find questions and pursue answers via the scientific method, an 
impulse which is hard wired—in humans and, it would seem, birds 
and other animals—during neonatal development. 

Adam and Eve can think of novel ideas, Dr King reports; “they 
generalise from patterns, working inductively and deductively.  
As we do, they use knowledge and logic combined with 
experience to exercise judgment and make decisions. The 
technical foundation allows scientists to confirm findings and 
ensure repeatability”. 

The Technology 
Dr King explains in brief how they work.  “A Robot Scientist is a 
physically implemented robotic system that applies techniques 
from artificial intelligence to execute cycles of automated 
scientific experimentation. In some ways they are superhuman, 
e.g. their ability to retrieve information from databases, and 
ability to accurately execute experiments. But they have very little 
ability compared to humans”. 

The Future 
Ross King thinks things won’t be too much different for Adam and 
Eve’s offspring. “The AI systems will be better; they’ll do even 
more complicated reasoning and text mining will generate even 
more possibilities. 



“We don’t anticipate that they’ll have eureka moments or 
discover laws of nature”, Dr King said; “we do, though, hope for 
these two outcomes. “We hope our automatons will advance and 
enlarge upon our understanding of what science is. If we can 
automate science we are closer to knowing what science is and in 
turn have an artefact that does the best possible science. I think 
it’s true that you can only be sure you understand something if 
you can make it”. 

Dr King’s team of human and robot scientists are currently 
working on new drugs to treat neglected tropical diseases 
including malaria and African sleeping sickness. 

 Ross D. King, Professor of 
Machine Intelligence in the 
School of Computer Science 
works at the Manchester 
Institute of Biotechnology and 

Machine Learning and Optimisation (MLO) group. 

 

AVATAR COME TO LIFE? 

Imagine that while you 

are lying still a robot 

learns your mind; 

embodies you. Then your 

surrogate self can act for 

you in the real world, 

relating to people and 

doing tasks as you would 

do them yourself. 

        Abderrahmane Kheddar 

Controlling a Robot by Thought 
Abderrahmane Kheddar’s robots aren’t Avatar yet, but he and his 
team have taken steps forward in a process called physical 
embodiment. “Your mind controls the robot”, Dr Kheddar 
explains. “By connecting its embedded sensors to yours, the robot 
learns your intentions, and translates your thoughts into actions. 
So if there are muscles cut off, say by damage or a stroke, the 
robot can translate your wishes into the actions you would take, 
could you perform them. In that way you feel that this robot is 
part of you; that it can be you”. 

 



High-Level Look at the Science  
The news is that Dr Kheddar’s robots don’t simply learn to follow 
instructions about where to move, and they don’t only move in 
straight lines; rather, his robots learn units of movement 
connected with objects—a glass of juice is there for someone to 
drink; an umbrella is there for you to open when it’s raining—and 
can mimic the unique movements of a subject. 

For example, a subject, we’ll call him Abder, (who is wearing 
headgear with electrodes) sees a selection of juices and focuses 
on the orange juice, which he thinks about picking up and 
drinking. His intentions are communicated to the robot, we’ll call 
him Doppelgänger. In turn, Doppelgänger picks up the orange 
juice automatically using motion similar to that of Abder’s arm. 

How does Doppelgänger acquire the object-action memory unit? 
Abder, with electrode headgear, steers the robot to look around 
at the objects in Abder’s environment. Abder teaches 
Doppelgänger to recognise objects using its embedded sensors 
and the object-task pattern is stored. The next time Abder looks 
at orange juice through Doppelgänger, the orange juice flickers. 
The frequency propagates in Abder’s visual cortex which brain 
waves are processed to confirm Abder’s intention toward the 
orange juice. When confirmed, Doppelgänger reaches for it. 

And, very interestingly, the robot is programmed to reason about 
the context and also to reconsider action. So if Abder thinks about 
drinking a glass of orange juice, the robot knows what to do and 
starts to pick-up the juice. If Abder changes his mind, the robot 
resets. Doppelgänger capacity to read your intentions even if they 
change is called inbuilt error-related potential (ErrP). If negative 
ErrP is detected the robot tries again. 

Perchance to Dream 
I asked Dr Kheddar if there might come a time when I could be 
embodied robotically and so be myself, even if my brain descends 
into dementia—or whether a robot might embody a crow and be 
able to solve complex problems involving tools, as a living crow 
can.  He told me that people like dreams and dreaming and he 
doesn’t know what possibilities might evolve. 

Abderrahmane Kheddar is Director, CNRS-AIST 
Joint Robotics Laboratory, Directeur de Recherche 
- Centre National de la Recherche Scientifique, and 
Team leader, Interactive Digital Humans - CNRS-
LIRMM. He is located in Ibaroki. Japan. 



 MULTI-SCALE ROBOTICS LAB 
At Bradley Nelson’s laboratory, 
scientists design autonomous 
micron-sized and nanoscale robots 
that are equipped to reveal 
characteristics of an environment—
which scientists observe via 
camera—and to follow instructions. 

          Bradley Nelson 
 
Those closest to clinical trials are the ophthalmic robots which 
enter the eye via very slim needles to find problems such as tiny 
occlusions or vascular abnormalities, to repair tissue and/or to 
deliver drugs in situ.  This would be a boon for, say, elderly 
patients who suffer the wet form of age-related macular 
degeneration or those who suffer diabetes-related macular 
edema where drug delivery is currently an ongoing course of 
injection directly into the eye tissue. 

 We make small things move in 
controlled ways, Dr Nelson says. “It 
has been suggested that we utilise 
microrobots to assist in minimally 
invasive ophthalmic surgery. 

“The microrobot is injected into the vitreous in the posterior eye 
segment using a syringe equipped with a needle through the 
sclera. The needle is narrow, so that suture-less surgery can be 
guaranteed, hence decreasing the risk of infections and damage 
to the delicate structures of the eye. 

“Subsequently, the microrobot can be magnetically moved and 
controlled wirelessly inside the eye using a magnetic manipulation 
system we developed. Inside the vitreous, the microrobot can be 
used as a tool assisting in the surgery. The microrobot position in 
the eye can be tracked visually and controlled precisely via a 
feedback loop. 

“It was an exciting idea, but we discovered that as our robots 
became smaller, they were unable to swim, so we had to devise a 
new swimming capability. For this we turned to nature—and 
specifically to the tail of the e coli”. 

The ophthalmic robot is only one nanoscale automaton Dr 
Nelson’s faculty is developing. 



Among others there are modular self-assembling robots which, 
once inside the body, connect and operate diagnostically. 

One benefit is eliminating the distress of swallowing an 
endoscopic camera which currently is too large for all but the 
most stalwart patients to swallow without sedation. 

Electromagnetism  

  
The operation of an ocular robot seems complicated to those of 
us who don’t have an education in electromagnetics, but Dr 
Nelson, a gifted teacher, makes things clear. 

“We started with the fundamentals of electromagnets. If we wrap 
a coil of wire around an iron core and send an electric current into 
the coil, we create an electromagnet which can attract or repel 
other magnetic objects and direct movement. 

“Our micron and nanoscale robots are essentially sophisticated 
magnets. They move by five degrees of freedom—left-right, up-
down and backward-forward, and they orient in two directions to 
point—in response to the tiniest current pulses from OctoMag, 
the electromagnetic assembly we developed to deliver the signals 
and spark the movement. The OctoMag can send signals via the 
internet over distance and instruct the robot to either move or 
remain stationary”. 

Bradley Nelson is the 
Professor of Robotics and Intelligent Systems at ETH-Zürich in 
Germany and is the founder of the Institute of Robotics and 
Intelligent Systems where he leads the Multi-Scale Robotics Lab 



 
  DYNAMICAL SYSTEMS LAB 
Picture another catastrophic oil spill, 
but this time a robotic fish leads schools 
of the living away to safety. Picture the 
impact of that capability in water 
overheated by nuclear accidents or 
polluted by chemicals—and by 
extension, the possibilities for the 
preservation of endangered aquatic 
species. 

       Maurizio Porfiri  

Development of a bioinspired rescue robot for aquatic disasters is 
well underway by Maurizio Porfiri, Associate Professor of 
Mechanical and Aerospace Engineering and Director of the 
Dynamical Systems Lab at NYU Polytechnic School of Engineering. 
Dr Porfiri explains why fish follow the robot. 

 “Our robot resembles the living 
zebrafish in appearance, shape and 
movement patterns but it is a 
brighter, bigger, and stockier model. 

Here’s why we did that. 

“To limit possibility of fear, rejection or departure—and to ensure 
that the robot will not appear to be a predator and will be allowed 
into the social group—we replicated the shape precisely and 
captured the richness and subtlety of colour. 

“To promote the robot as a source of inspiration and influence, 
we made it brighter, bigger, and stockier with several hypotheses 
in mind: the brighter colours may make it attractive and easier to 
spot; the larger size may be an indicator of a leader; and, the 
stockier shape may suggest a fertile female. In addition, the tail 
movements of the larger individual may provide a hydrodynamic 
advantage that allows the living fish to swim further on normal 
food stores. We are systematically testing each possibility”. 

Unique Features  
While zoobots are designed biomimetically, typically their use is 
for human purpose. For example, a snake robot is designed to 
access places people can’t reach. However, it isn’t often that the 
snake zoobot is used to study and influence the behaviour of 
snakes. 



The Porfiri robots are also designed biomimetically; however, the 
purpose is to understand and influence behaviour of the living 
model on which they are based. 

 Two webcams are placed above and laterally along the tunnel to 
record animal activity from two different perspectives. This is 
thanks to a feedback system in the laboratory whereby a camera 
records motion and sends video to a computer that in turn 
instructs the robot wirelessly. 

What’s Next?  
Dr Porfiri’s research opens the possibility that scientists may one 
day influence animals to act naturally in self-defence or for self-
preservation even if the behaviour isn’t hard wired. 

Looking ahead, this lab’s robotic fish will be equipped to act, 
interact and react, depending on the behaviour of the living fish. 
“So if the fish start to swim away”, Dr Porfiri explains, “the robot 
of the future will be able to bring them back. If the fish school 
begins to disperse, the robot will be able to draw them in”. 

The group’s next project is to understand the effect of several 
robots in an animal social group, and how robotic fish might 
coordinate action, patrol, communicate and operate in the wild. 

Maurizio Porfiri is an Associate 
Professor in the Department of Mechanical and Aerospace 
Engineering at the New York University Polytechnic School of 
Engineering, located in the United States. 

 
Helen Kelly is an ALN World Contributing Editor. She divides her 
time between Boston and London. Helen is always happy to hear 
from readers. HelenKellyLtd@aol.com 
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For More Information  

The Concept of a Robot Scientist. 
http://videolectures.net/mlsb09_king_asci/ 

Automating Biology using Robot Scientists. 
http://videolectures.net/aaai2012_king_robot_scientists/ 

Mind-controlled robot moves closer to reality. 
http://www.youtube.com/watch?v=HR0NBHJWdAU 

Mind controlled android robot 
http://www.youtube.com/watch?v=QOsUw9dRgIA#t=40 

OctoMag: An Electromagnetic System for 5-DOF Wireless 
Micromanipulation. http://www.youtube.com/watch?v=ocE3MjF77Wk 

Building Medical Robots, Bacteria sized: Bradley Nelson at TEDxZurich. 
http://www.youtube.com/watch?v=DfV8xu2nHy4 

Institute of Robotics and Intelligent Systems. http://www.iris.ethz.ch/. 

The secret’s in the (robotic) stroke: Researchers tease out cues that 
impact schooling fish behavior. http://phys.org/news/2013-10-secret-
robotic-cues-impact-schooling.html#jCp 

Robotic Fish Offer a New Avenue for Understanding Alcohol’s Effect on 
Brain, Behavior. 
http://engineering.nyu.edu/pressrelease/2013/06/05/move-over-
rodents-enter-robots 

Underwater Robots Influence Complex Swimming Behaviors of Schooling 
Fish. 
http://www.sciencedaily.com/releases/2013/10/131031125211.htm 

How nature is influencing products and systems we build. 
http://www.ted.com/talks/janine_benyus_biomimicry_in_action. html. 

Discover Boston Dynamics’ Cheetah and Big Dog: 
http://www.youtube.com/watch?v=chPanW0QWhA.  
http://www.slate.com/articles/technology/culture-
box/2013/12/boston_dynamics_petman_and_bigdog_and_the_uncanny
_valley.html 

Experimental Study on Task Teaching to Real Rats through Interaction 
with a Robotic Rat. 
http://link.springer.com/chapter/10.1007/11840541_53. 

http://videolectures.net/mlsb09_king_asci/
http://videolectures.net/aaai2012_king_robot_scientists/
http://www.youtube.com/watch?v=HR0NBHJWdAU
http://www.youtube.com/watch?v=QOsUw9dRgIA#t=40
http://www.youtube.com/watch?v=ocE3MjF77Wk
http://www.youtube.com/watch?v=DfV8xu2nHy4
http://www.iris.ethz.ch/
http://phys.org/news/2013-10-secret-robotic-cues-impact-schooling.html#jCp
http://phys.org/news/2013-10-secret-robotic-cues-impact-schooling.html#jCp
http://engineering.nyu.edu/pressrelease/2013/06/05/move-over-rodents-enter-robots
http://engineering.nyu.edu/pressrelease/2013/06/05/move-over-rodents-enter-robots
http://www.sciencedaily.com/releases/2013/10/131031125211.htm
http://www.ted.com/talks/janine_benyus_biomimicry_in_action.%20html
http://www.slate.com/articles/technology/culture-box/2013/12/boston_dynamics_petman_and_bigdog_and_the_uncanny_valley.html
http://www.slate.com/articles/technology/culture-box/2013/12/boston_dynamics_petman_and_bigdog_and_the_uncanny_valley.html
http://www.slate.com/articles/technology/culture-box/2013/12/boston_dynamics_petman_and_bigdog_and_the_uncanny_valley.html
http://link.springer.com/chapter/10.1007/11840541_53


http://engineering.nyu.edu/press-release/2013/06/05/move-over-
rodents-enter-robots 

http://www.sciencedaily.com/releases/2014/01/140117191354.htm 
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